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Details 

1. Title of the Invention Surface Modification Method of Inorganic Coat Membranes 

2. Claims 

The surface modification method of inorganic coat membranes which is characterized 
by a composition made of a mixture containing at least one kind of the silane compounds 
shown by formula a below, or oligomers of a, or polymers reacted or absorbed into inorganic 
coat membranes. 
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( R 1 ) 



< R * > b x 



(here, R 1 is an organic group containing fluorine; R 2 , R 3 , and R 4 are hydrogen or organic 
groups; a, b, and c, are respectively in the following ranges: 1 £ a ^ 3; 0 ^ b £ 2; 1 £ c s 3.) 

3. Detailed Explanation of the Invention 
[Industrial Application Area] 

This invention relates to the modification method of inorganic coat membranes. 

[Prior Technology] 

Inorganic membranes obtained using the vacuum depositing method, ion plating 
method, and spattering method have been used widely as reflection preventive membranes, 
hard coat membranes, and various functional membranes of optical materials such as 
eyeglasses, lenses, and display panels. Especially, SiQ* membranes are widely used for their 
attachment power to substrates, their hardness, and their handling ease. 

Also, as related to surface modifications, aside from those related to inorganic coat 
membranes, treatment methods which use alcoxy silane, halogenized silane, and alkyl 
polysiloxane have been disclosed (for example, Tokkyo Koho No. J.P. Sho. 35 - 9760, Tokkyo 
Kokai No J.P. Sho. 49 - 12833, Tokkyo Koho No. J.P. Sho. 50 - 15473, and Tokkyo Kokai No. 
J.P. Sho. 61 - 130902, etc.). 

[The Problems Solved by the Invention] 

However, at the time of the drying stage of the water droplets which were attached to 
the surface, yellowing is generated on the surface of these inorganic coat membranes, 
providing an undesirable influence on the external appearance and optical characteristic. 
Especially, water easily attaches to eyeglass lenses at the time of the polishing process and 
wearing, and if it is left with water droplets even for a short duratioh, yellowing will occur. 
Generally, the cause for yellowing is considered to be as follows. Firstly, Na + , Ba+, and Pb 2+ , 
which are ions inside of the glass, are dissolved in the water droplets attached to the surface, 
and the water droplets become an alkaline solution. Next, this solution and acidic gases 
such as CQ2 and SQ2 in the air react, and Na 2/ CC^, NaHCQs, Na 2 S0 4/ BaCQ3,PbCQ3, BaS0 4 , 
and PbSC>4 are produced as compounds; these become the cause for yellowing. On the other 
hand, with inorganic coat membranes such as SiQ2 membranes which have been formed on 
a surface based on a synthetic resin, positive ions are not included; as such, the cause for 
yellowing had many unknowns. As a result of the present inventors performing 
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experiments and analysis, the cause for the yellowing generated on these coat membranes 
was clarified as being due to the evaporation of residue centering around Si compounds 
caused by the droplets attaching firmly to surface. This is made clear from the facts 
mentioned below. 

(1) When ultrapure water is attached to the surface of a coat membrane, yellowing does not 
occur (in the growing stage of the yellowing generated on optical glass, yellowing is 
generated even with ultrapure water). 

(2) By observing the area near the coat surface where yellowing has occurred using a 
transmission type electron microscope (TME), the attached material is observed on the 
surface. - 

(3) In performing an elemental analysis of the attached material observed in (2), Si was 
primarily detected. 

Accordingly, this invention is that to solve these problems, and has its objective in 
modifying a surface condition of inorganic coat membrane and thereby providing the 
function to eliminate this problem to the surface. 

[Method for Solving the Problem] 

That is to say, this invention is the surface modification method of inorganic coat 
membrane which is characterized by having a composition made of a mixture containing at 
least one kind of the silane compounds shown by formula a below, or oligomers of a, or 
polymers reacted or absorbed into inorganic coat membranes. 

( R • ) b R • 

a . ( R » > a - s'.I - ( N / > c 

(here, R 1 is an organic group containing fluorine; R 2 , R 3 , and R 4 are hydrogen or organic 
groups; a, b, and c, are respectively in the following ranges: l^a^3; 0 ^ b £ 2; 1 £ c ^ 3.) 

As shown before, the cause for the generation of yellowing on the surface of the 
inorganic coat membrane is due to the components in the water droplets attaching to the 
surface as evaporation residue material. The component of evaporation residue material is 
centered around Si and is large in terms of its affinity with inorganic coat membranes such 
as SiC>2/ and it is considered to firmly attach to the surface of coat membranes. Therefore, in 
order to prevent the generation of yellowing, it is necessary to modify the inorganic coat 
membrane surface, thereby causing the affinity between the surface and the evaporation 
residue material to be small 
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As a result of focused research, it became clear that by providing water repellence to the 
surface, the attachment strength of the evaporation residue material to the surface of the 
inorganic coat membrane can be weakened, and even if residue is left on the surface, it can 
be removed by lightly wiping it off with a cloth. Further, since water repellence has been 
provided, it becomes more difficult for the water droplets themselves to attach to the 
surface, serving to lower the generation of yellowing. As the standard said here for this kind 
of the water repellence, it is desirable for the contact angle of pure water to the surface to be 
more than 70°. 

Also, in order to treat the inorganic coat membrane, there is the necessity of 
performing the treatment in such a way so as not to lower the material characteristic, 
bonding property, and durability of the coat membrane already existing on the substrate. 
Especially, in treating inorganic coat membranes installed on synthetic resin substrates, by 
performing the treatment at a high temperature, cracks are caused in the inorganic coat 
membrane, and this in turn severely lowers its external appearance and durability. 
Accordingly, it is desirable that the treatment be done using a thickness for the treatment 
layer, a temperature range, and an environment which do not provide negative influences 
on the spectral characteristics with respect to the bonding property, durability, external 
appearance, and reflection preventive membrane prior to the treatment. 

The material used by this invention in the reaction with the inorganic coat membrane 
or absorption is wide in terms of its treatment temperature range from normal to high 
temperatures, satisfies the conditions described above, and obtains a sufficient treatment 
membrane even if it is administered at a normal temperature. Also, compared to alcoxy 
silane, halogenated silane, and alkyl polysiloxane which have been the water repellent 
treatment agents used in the past, its handling is easier and its life is longer. 

As the material used for this invention, for example, the following can be listed. 
2,2,2-trifluoro ethyl triamino silane, 3,3,3-trifluoropropyl triamino silane, 2,2,2,3,3,3- 
hexafluoro triamino silane, 4,4,4-trifluoro butyl triamino silane, 2-(perfluoro ethyl) ethyl 
triamino silane, 5,5,5-trifluoro pentyl triamino silane, 3-(perfluoro ethyl) propyl triamino 
silane, 2-(perfluoro propyl) ethyl triamino silane, (perfluoro propyl methyl) triamino silane, 
(perfluoro butyl methyl) triamino silane, 6,6,6-trifluoro hexyl triamino silane, 4-(perfluoro 
ethyl) butyl triamino silane, 3-(perfluoro propyl) propyl triamino silane, 4-(perfluoro butyl) 
ethyl triamino silane, 5-(perfluoro pentyl) methyl triamino silane, 7,7,7-trifluoro butyl 
triamino silane, 5-(perfluoro ethyl) pentyl triamino silane, 4-(perfluoro propyl) butyl 
triamino silane, 3-(perfluoro butyl) propyl triamino silane, 2-(perfluoro pentyl) ethyl 
triamino silane, (perfluoro hexyl methyl) triamino silane, 8,8,8-trifluoro octyl triamino 
silane, 6-(perfluoro ethyl) hexyl triamino silane, 5-(perfluoro propyl) pentyl triamino silane, 
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4-(perfluoro butyl) butyl triamino silane, 3-(perfluoro pentyl) butyl triamino silane, 2- 
(perfluoro hexyl) ethyl triamino silane, (perfluoro heptyl methyl) triamino silane, 9,9,9- 
trifluoro nonyl triamino silane, 7-(perfluoro ethyl) heptyl triamino silane, 6-(perfluoro 
propyl) hexyl triamino silane, 5-(perfluoro butyl) pentyl triamino silane, 4-(perfluoro pentyl) 
butyl triamino silane, 3-(perfluoro hexyl) propyl triamino silane, 2-(perfluoro heptyl) ethyl 
triamino silane, (perfluoro octyl methyl) triamino silane, 10,10,10-trifluoro decyl triamino 
silane, 8-(perfluoro ethyl) octyl triamino silane, 7-(perfluoro propyl) heptyl triamino silane, 
6-(perfluoro butyl) hexyl triamino silane, 5-(perfluoro pentyl) pentyl triamino silane, 4- 
(perfluoro hexyl) butyl triamino silane, 3-(perfluoro heptyl) propyl triamino silane, 2- 
(perfluoro octyl) ethyl triamino silane, (perfluoro nonyl methyl) triamino silane, 11,11,11- 
trifluoro undecyl triamino silane, 9-(perfluoro ethyl) nonyl triamino silane, 8-(perfluoro 
propyl) octyl triamino silane, 7-(perfluoro butyl) heptyl triamino silane, 6-(perfluoro pentyl) 
hexyl triamino silane, 5-(perfluoro hexyl) pentyl triamino silane, 4-(perfluoro heptyl) butyl 
amino silane, 3-(perfluoro octyl) propyl triamino silane, 2-(perfluoro nonyl) ethyl triamino 
silane, (perfluoro decyl methyl) triamino silane, 12,12,12-trifluoro decyl triamino silane, 10- 
(perfluoro ethyl) decyl triamino silane, 9-(perfluoro propyl) nonyl triamino silane, 8- 
(perfluoro butyl) octyl triamino silane, 7-(perfluoro pentyl) heptyl triamino silane, 6- 
(perfluoro hexyl) hexyl triamino silane, 5-(perfluoro heptyl) pentyl triamino silane, 4- 
(perfluoro octyl) butyl triamino silane, 3-(perfluoro nonyl) propyl triamino silane, 2- 
(perfluoro decyl) ethyl triamino silane, (perfluoro undecyl methyl) triamino silane, 13,13,13- 
trifluoro tridecyl triamino silane, ll-(perfluoro ethyl) undecyl triamino silane, 10-(perfluoro 
propyl) decyl triamino silane, 9-(perfluoro butyl) nonyl triamino silane, 8-(perfluoro pentyl) 
octyl triamino silane, 7-(perfluoro hexyl) heptyl triamino silane, 6-(perfluoro heptyl) hexyl 
triamino silane, 5-(perfluoro octyl) pentyl triamino silane, 4-(perfluoro nonyl) butyl 
triamino silane, 3-(perfluoro decyl) propyl triamino silane, 2-(perfluoro undecyl) ethyl 
triamino silane, (perfluoro dodecyl methyl) triamino silane, bis (2,2,2-trifluoro ethyl) 
diamino silane, bis (3,3,3-trifluoro propyl) diamino silane, bis (2,2,2,3,3,3-hexa fluoro) 
diamino silane, bis (4,4,4-trifluoro butyl) diamino silane, bis (2-(perfluoro ethyl) ethyl) 
diamino silane, bis (5,5,5-trifluoro pentyl) diamino silane, bis (3-(perfluoro ethyl) propyl) 
diamino silane, bis (2-(perfluoro propyl) ethyl) diamino silane, bis (perfluoro propyl methyl) 
diamino silane, bis (perfluoro butyl methyl) diamino silane, bis (6,6,6-trifluoro hexyl) 
diamino silane, bis (4-(perfluoro ethyl) butyl) diamino silane, bis (3-(perfluoro propyl) 
propyl) diamino silane, bis (4-(perfluoro butyl) ethyl) diamino silane, bis (5-(perfluoro 
pentyl) methyl) diamino silane, bis (7,7,7-trifluoro heptyl) diamino silane, bis (5-(perfluoro 
ethyl) pentyl) diamino silane, bis (4-(perfluoro propyl) butyl) diamino silane, bis (3- 
(perfluoro butyl) propyl) diamino silane, bis (2-(perfluoro pentyl) ethyl) diamino silane, bis 
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(perfluoro hexyl methyl) diamino silane, bis (8,8,8-trifluoro ocfyl) diamino silane, bis (6- 
(perfluoro ethyl) hexyl) diamino silane, bis (5-(perfluoro propyl) pentyl) diamino silane, bis 
(4 - (perfluoro butyl) butyl) diamino silane, bis (3-(perfluoro pentyl) butyl) diamino silane, 
bis 2-(perfluoro hexyl) ethyl) diamino silane, bis (perfluoro butyl methyl) diamino silane, bis 
(9,9,9-trifluoro nonyl) diamino silane, bis (7-(perfluoro ethyl) heptyl) diamino silane, bis (5- 
(perfluoro butyl) pentyl) diamino silane, bis (4-(perfluoro pentyl) butyl) diamino silane, bis 
(3-(perfluoro hexyl) propyl) diamino silane, bis (2-(perfluoro heptyl) ethyl) diamino silane, 
bis (perfluoro octyl methyl) diamino silane, bis (10,10,10-trifluoro decyl) diamino silane, bis 
(8-(perfluoro ethyl) octyl) diamino silane, bis (7-(perfluoro propyl) heptyl) diamino silane, 
bis (6-(perfluoro butyl) hexyl) diamino silane, bis (5-(perfluoro pentyl) pentyl) diamino 
silane, bis (4-(perfluoro hexyl) butyl) diamino silane, bis (3-(perfluoro heptyl) propyl) 
diamino silane, bis (2-(perfluoro octyl) ethyl) diamino silane, bis (perfluoro nonyl methyl) 
diamino silane, bis (11,11,11- trifluoro undecyl) diamino silane, bis (9-(perfluoro ethyl) 
nonyl) diamino silane, bis (8-(perfluoro propyl) octyl) diamino silane, bis (7-(perfluoro butyl) 
heptyl) diamino silane, bis (6-(perfluoro pentyl) hexyl) diamino silane, bis (5-(perfluoro 
hexyl) pentyl) diamino silane, bis (4-(perfluoro heptyl) butyl) diamino silane, bis (3- 
(perfluoro octyl) propyl) diamino silane, bis (2-(perfluoro nonyl) ethyl) diamino silane, bis 
(perfluoro decyl methyl) diamino silane, bis (12,12,12-trifluoro dodecyl) diamino silane, bis 
(10-(perfluoro ethyl) decyl) diamino silane, bis (9-(perfluoro propyl) nonyl) diamino silane, 
bis (8-(perfluoro butyl) octyl) diamino silane, bis (7-(perfluoro pentyl) heptyl) diamino silane, 
bis (6-(perfluoro hexyl) hexyl) diamino silane, bis (5-(perfluoro heptyl) pentyl) diamino 
silane, bis (4-(perfluoro octyl) butyl) diamino silane, bis (3-(perfluoro nonyl) propyl) diamino 
silane, bis (2-(perfluoro decyl) ethyl) diamino silane, bis (13,13,13-trifluoro tridecyl) diamino 
silane, bis (ll-(perfluoro ethyl) undecyl) diamino silane, bis (10-(perfluoro propyl) decyl) 
diamino silane, bis (9-(perfluoro butyl) nonyl) diamino silane, bis (8-(perfluoro pentyl) octyl) 
diamino silane, bis (7-(perfluoro hexyl) heptyl) diamino silane, bis (6-(perfluoro heptyl) 
hexyl) diamino silane, bis (5-(perfluoro octyl) pentyl) diamino silane, bis (4-(perfluoro nonyl) 
butyl) diamino silane, bis (3-(perfluoro decyl) propyl) diamino silane, bis (2-(perfluoro 
undecyl) ethyl) diamino silane, bis (perfluoro dodecyl methyl) diamino silane, tris (2,2,2- 
trifluoro ethyl) amino silane, tris (3,3,3-trifluoro propyl) amino silane, tris (2,2,2,3,3,3-hexa 
fluoro) amino silane, tris (4,4,4-trifluoro butyl) amino silane, tris (2-(perfluoro ethyl) ethyl) 
amino silane, tris (5,5,5-trifluoro pentyl) amino silane, tris (3-(perfluoro ethyl) propyl) 
amino silane, tris (2-(perfluoro propyl) ethyl) amino silane, tris (perfluoro propyl methyl) 
amino silane, tris (perfluoro butyl methyl) amino silane, tris (6,6,6-trifluoro hexyl) amino 
silane, tris (4-(perfluoro ethyl) butyl) amino silane, tris (3-perfluoro propyl) propyl) amino 
silane, tris (4-(perfluoro butyl) ethyl) amino silane, tris (5-(perfluoro pentyl) methyl) amino 
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silane, tris (7,7,7-trifluoro heptyl) amino silane, tris (5-(perfluoro ethyl) pentyl) amino silane, 
tris (4-(perfluoro propyl) butyl amino silane, tris (3-(perfluoro butyl) propyl) amino silane, 
tris (2-(perfluoro pentyl) ethyl) amino silane, tris (perfluoro hexyl methyl) amino silane, tris 
(8,8,8-trifluoro octyl) amino silane, tris (6-(perfluoro ethyl) hexyl) amino silane, tris (5- 
(perfluoro propyl) pentyl) amino silane, tris (4-(perfluoro butyl) butyl) amino silane, tris (3- 
(perfluoro pentyl) butyl) amino silane, tris (2-(perfluoro hexyl) ethyl amino silane, tris 
(perfluoro heptyl methyl) amino silane, tris (9,9,9-trifluoro nonyl) amino silane, tris (7- 
(perfluoro ethyl) heptyl) amino silane, tris (6-(perfluoro propyl) hexyl) amino silane, tris (5- 
(perfluoro butyl) pentyl) amino silane, tris (4-(perfluoro pentyl) butyl) amino silane, tris (3- 
(perfluoro hexyl) propyl) amino silane, tris (2-(perfluoro butyl) ethyl) amino silane, tris 
(perfluoro octyl methyl) triamino silane, tris (10,10,10-trifluoro decyl) amino silane, tris (3-' 
(perfluoro ethyl) octyl) amino silane, tris (7-(perfluoro propyl) heptyl) amino silane, tris (6- 
(perfluoro butyl) hexyl) amino silane, tris (5-(perfluoro pentyl) pentyl) amino silane, tris (4- 
(perfluoro hexyl) butyl) amino silane, tris (3-(perfluoro heptyl) propyl) amino silane, tris (2- 
(perfluoro octyl) ethyl) amino silane, tris (perfluoro nonyl methyl) amino silane, tris 
(11,1 1,1 1-trifluoro undecyl) amino silane, tris (9-(perfluoro ethyl) nonyl) amino silane, tris 
(8-(perfluoro propyl) octyl) amino silane, tris (7-(perfluoro butyl) heptyl) amino silane, tris 
(6-(perfluoro pentyl) hexyl) amino silane, tris (5-(perfluoro hexyl) pentyl) amino silane, tris 
(4-(perfluoro heptyl) butyl) amino silane, tris (3-(perfluoro octyl) propyl) amino silane, tris 
(2-(perfluoro nonyl) ethyl) amino silane, tris (perfluoro decyl methyl) amino silane, tris 
(12,12,12-trifluoro dodecyl) amino silane, tris (10-(perfluoro ethyl) decyl) amino silane, tris 
(8-(perfluoro propyl) nonyl) amino silane, tris (8-(perfluoro butyl) octyl) amino silane, tris (7- 
(perfluoro pentyl) heptyl) amino silane, tris (6-(perfluoro hexyl) hexyl) amino silane, tris (5- 
(perfluoro butyl) pentyl) amino silane, tris (4-(perfluoro octyl) butyl) amino silane, tris (3- 
(perfluoro nonyl) propyl) amino silane, tris (2-(perfluoro decyl) ethyl) amino silane, tris 
(perfluoro undecyl methyl) amino silane, tris (13,13,13-trifluoro tridecyl) amino silane, tris 
(11 -(perfluoro ethyl) undecyl) amino silane, tris (10-(perfluoro propyl) decyl) amino silane, 
tris (9-(perfluoro butyl) nonyl) amino silane, tris (8-(perfluoro pentyl) octyl) amino silane, 
tris (7-(perfluoro hexyl) heptyl) amino silane, tris (6-(perfluoro heptyl) hexyl) amino silane, 
tris (5-(perfluoro octyl) pentyl) amino silane, tris (4-(perfluoro nonyl) butyl) amino silane, 
tris (3-(perfluoro decyl) propyl) amino silane, tris (2-(perfluoro undecyl) ethyl) amino silane, 
tris (perfluoro dodecyl methyl) amino silane, 2-(perfluoro heptyl) ethyl diamino silane, 2- 
(perfluoro heptyl) ethyl-methyl-diamino silane, 2-(perfluoro butyl) ethyl-propyl-diamino 
silane, 2-(perfluoro heptyl) ethyl-butyl-diamino silane, 2-(perfluoro heptyl) ethyl-pentyl- 
diamino silane, 2-(perfluoro heptyl) ethyl-hexyl-diamino silane, bis-(2-(perfluoro heptyl) 
ethyl) propyl-amino silane, bis-(2-(perfluoro heptyl) ethyl-methyl-amino silane, bis-(2- 
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(perfluoro heptyl) ethyl)-ethyl-amino silane, bis-(2-(perfluoro heptyl) ethyl)-butyl-amino 
silane, bis-(2-(perfluoro heptyl) ethyl)-propyl-amino silane, bis-(2-(perfluoro heptyl) ethyl)- 
pentyl-amino silane, bis-(2-(perfluoro heptyl) ethyl-hexyl-amino silane, 2-(perfluoro heptyl) 
ethyl dimethyl amino silane, 2-(perfluoro heptyl) ethyl methyl ethyl amino silane, 2- 
(perfluoro heptyl) ethyl methyl propyl amino silane, 2-(perfluoro heptyl) ethyl diethyl 
amino silane, 2-(perfluoro heptyl) ethyl propyl amino silane, 2-(perfluoro heptyl) ethyl 
dipropyl amino silane, 2-(perfluoro heptyl) ethyl-methyl amino-diamino silane, 2- 
(perfluoro heptyl) ethyl-bis (methyl amino)-amino silane, 2-(perfluoro heptyl) ethyl-tris 
(methyl amino) silane, 2-(perfluoro heptyl) ethyl-ethyl amino-diamino silane, 2-(perfluorb 
heptyl) ethyl-bis (ethyl amino)-amino silane, 2-(perfluoro heptyl) ethyl-tris (ethyl amino) 
silane, 2-(perfluoro octyl) ethyl diamino silane, 2-(perfluoro octyl) ethyl-methyl-diamino ' 
silane, 2-(perfluoro octyl) ethyl-propyl-diamino silane, 2-(perfluoro octyl) ethyl-butyl- 
diamino silane, 2-(perfluoro octyl) ethyl-pentyl-diamino silane, 2-(perfluoro octyl) ethyl- 
hexyl-diamino silane, bis-(2-(perfluoro octyl) ethyl)-amino silane, bis-(2-(perfluoro octyl) 
ethyl-methyl-amino silane, bis-(2-(perfluoro octyl) ethyl)-ethyl-amino silane, bis-(2- 
(perfluoro octyl) ethyl)-butyl-amino silane, bis-(2-(perfluoro octyl) ethyl )-propyl-amino 
silane, bis-(2-(perfluoro octyl) ethyl)-pentyl-amino silane, bis-(2-(perfluoro octyl) ethyl)- 
hexyl-amino silane, 2-(perfluoro octyl) ethyl dimethyl amino silane, 2-(perfluoro octyl) ethyl 
methyl amino silane, 2-(perfluoro octyl) ethyl methyl propyl amino silane, 2-(perfluoro 
octyl) ethyl diethyl amino silane, 2-(perfluoro octyl) ethyl ethyl propyl amino silane, 2- 
(perfluoro octyl) ethyl dipropyl amino silane, 2-(perfluoro octyl) ethyl-methyl amino- 
diamino silane, 2-(perfluoro octyl) ethyl-bis (methyl amino)-amino silane, 2-(perfluoro 
octyl) ethyl-tris (methyl amino) silane, 2-(perfluoro octyl) ethyl-ethyl amino-diamino silane, 
2-(perfluoro octyl) ethyl-bis (ethyl amino)-amino silane, 2-(perfluoro octyl) ethyl-tris 
(ethylamino) silane, 2-(perfluoro nonyl) ethyl diamino silane, 2-(perfluoro nonyl) ethyl- 
methyl-diamino silane, 2-(perfluoro nonyl) ethyl-propyl-diammo silane, 2~(perfluoro nonyl) 
ethyl-butyl-diamino silane, 2-(perfluoro nonyl) ethyl-pentyl-diamino silane, 2-(perfluoro 
nonyl) ethyl-hexyl-diamino silane, bis-(2-(perfluoro nonyl) ethyl)-amino silane, bis-(2- 
(perfluoro nonyl) ethyl-methyl-amino silane, bis-(2-(perfluoro nonyl) ethyl)-ethyl-amino 
silane, bis (2-(perfluoro nonyl) ethyl)-butyl-amino silane, bis-(2-(perfluoro nonyl) ethyl)- 
propyl-amino silane, bis-(2-perfluoro nonyl) ethyl)-pentyl-amino silane, bis-(2-(perfluoro 
nonyl) ethyl-hexyl-amino silane, 2-(perfluoro nonyl) ethyl dimethyl amino silane, 2- 
(perfluoro nonyl) ethyl methyl ethyl amino silane, 2-(perfluoro nonyl) ethyl methyl propyl 
amino silane, 2-(perfluoro nonyl) ethyl diethyl amino silane, 2-(perfluoro nonyl) ethyl ethyl 
propyl amino silane, 2-(perfluoro nonyl) ethyl dipropyl amino silane, 2-(perfluoro nonyl) 
ethyl-methyl amino-diamino silane, 2-(perfluoro nonyl) ethyl-bis (methyl amino)-amino 
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silane, 2-(perfluoro nonyl) ethyl-tris (methyl amino) silane, 2-(perfluoro nonyl) ethyl-ethyl 
amino-diamino silane, 2-(perfluoro nonyl) ethyl-bis (ethyl amino)-amino silane, 2- 
(perfluoro nonyl) ethyl-tris (ethyl amino) silane. 

For this invention, it is not limited to these, and those which comply with the general 
formula shown in the patent claim will, needless to say, achieve the objective of this 
invention. Also, for this invention, the silane compounds used occasionally combine with 
each other before the reaction or with the inorganic coat membrane after the reaction and 
polymerize, but this will not be a problem if they are adjusted so that the polymerization 
degree which was made to be the objective of this invention is obtained. Also, in response 
to the objective, more than one kind of silane compound may be mixed and used. 

In order to have the materials shown above react with or be absorbed into the 
inorganic coat membrane, the methods of reacting or absorbing by coating it onto the surface 
based on the DIP method, spinner method, spray method, or the method of reacting or 
absorbing in a vacuum or in the atmosphere as a gas can be used. 

In the case of the former, the reaction rate can be controlled by controlling, for example, 
the temperature and humidity during the coating; also, the desired treatment membrane 
can be obtained by adjusting the soaking time, solution temperature, and concentration of 
the silane compound. Further, after coating, performing heating and light radiation to a 
degree so as not to provide a negative influence on the characteristics of the coat membrane, 
thus promoting the reaction, will be more effective. In the case of the latter, silane 
compound gas may be allowed in and reacted during the production of the inorganic coat 
membrane in a vacuum tower or after production. Also, by introducing silane compound 
gas into plasma gas such as argon and oxygen, reactive vapor depositing and reactive ion 
plating can also be performed. 

In order to elevate the reaction with the silane compound, as a pre-treatment, 
washing, chemical treating, and plasma treating the inorganic coat membrane makes it 
more effective. 

The silane compound used for reaction may be used singularly or as a mixture, or it 
may be diluted with solvent or pre-treated with an acidic or basic group. 

After the reaction is completed, by washing away the silane compound which reacted 
with the water molecules in the atmosphere, for the reaction with near the surface of the 
coat membrane and the silane compound which was not provided with absorption, a 
treatment can be performed which does not change the external appearance such as a 
reflection preventive treatment before treatment. 
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For inorganic coat membranes such as, for example, SiQ2 membranes, the large polar 
OH group is exposed on the surface, and because this easily absorbs impurities contained in 
the water droplets, it can be explainable that yellowing is caused. Accordingly, by exchanging 
the inorganic coat membrane surface with groups which are small in terms of their polarity 
or water repellence, the yellowing prevention can be done. 

Below, this invention will be explained in detail based on the practical examples, but 
this invention is not limited to them. 

[Practical Example 11 

A synthetic resin lens made of diethylene glycol bis (allyl carbonate) resin was washed 
with acetone, left for 5 minutes at room temperature, surface treated using a 5% sodium 
hydroxide solution, and the coating solution stated below was coated onto it at a pull up rate 
of 40 cm/min. based on the dipping method. Next, it was heat cured for 30 minutes at a 
temperature of 80°C in hot air drier and for 2 hours at a temperature of 130°C 

The coating solution was prepared as follows. 

206 parts by weight of ethanol, 396 parts by weight of ethanol dispersed colloidal silica 
("Oscal 1232 M 30% solid content manufactured by Yobai Kasei Kogyo K.K.), 312 parts by 
weight of the partially hydrolyzed material of y-glycidoxypropyltrimethoxysilane, 0.2 parts by 
weight of flow control agent ("L-7604 n manufactured by Nippon Unika K.K.), and 80 parts by 
weight of a 0.05 N acetate solution were added in a reaction container equipped with a 
stirring device, and they were stirred for 3 hours at room temperature in order to obtain the 
coating solution. 

The lens obtained as above was set in a vacuum tower and a reflection preventive 
treatment was performed on the surface of its resin at a substrate temperature of 50°C using 
the vacuum vapor depositing method. The membrane construction was from the side of 
the lens : the SiQ2 layer was V4, the synthetic membrane thickness of the ZrOz layer and the 
Si02 layer was the ZvOz layer was X/4, and the uppermost SiQ2 layer was X/4 (here, X = 
520 run). Next, this lens was washed with acetone, sufficiently dried, and thereafter soaked 
in a l,l,2-trichloro-l,2,2-trifluoro ethane solution containing 1% by weight of 2-(perfluoro 
octyl) ethyl triamino silane. After it was soaked, it was taken out into 50% relative humidity 
and 50°C temperature atmosphere and left for 10 minutes. Thereafter, it was washed with 
l/l^-trichloro-l^^-trifluoroethane. 

Large changes in its external appearance and reflection preventive characteristic were 
not seen after washing. 

The appraisal of the coat membrane so obtained was performed using the methods 

below. 
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(1) Yellowing After city water was dripped onto the surface of the coat membrane, the 
residual material was wiped off. If residue was left, it is C, if the residue was completely 
wiped off, it is A, and if it was partially left, it is B. 

(2) Contact Angle The contact angle was measured by a contact angle meter (CA-D 
manufactured by Kyowa Kagaku) using the liquid drop method (pure water). 

(3) Warm Water Test After it was soaked for 5 hours at a temperature of 80°C, it was tested 
in the same manner as (1). 

[Practical Example 21 

A synthetic resin lens made of diethylene glycol bis (allyl carbonate) resin was washed 
with acetone, and a reflection preventive treatment was thereafter performed on its surface 
at a substrate temperature of 50°C using the vacuum deposit method. This reflection 
preventive treatment was done in the same manner as with Practical Example 1 and it was 
thereafter washed with isopropyl alcohol. Next, this lens was treated with the same solution 
and methods as those for Practical Example 1. 

Large changes in its external appearance and reflection preventive characteristic were 
not seen after washing. 

[Practical Example 31 

The Si(>2 layer which was the uppermost layer used for Practical Example 1 was formed 
as follows. While SiC>2 was melted using an electron gun, gas in which argon and bis 
(perfluoropropyl methyl) diamino silane were mixed to be 9 : 1 was led to a vacuum tower 
in such a way so that the vacuum degree became 0.01 Torr, and the atmosphere was charged 
with plasma by high frequency electrical fields of 13.56 MHz. By registering a 300 V direct 
current voltage and while reaction ion plating was performed at a high frequency output of 
300 w, the SiC>2 layer was formed on the substrate. 

[Practical Example 41 

A reflection preventive treatment was performed on the lens obtained in Practical 
Example 1 in the same manner as in Practical Example 1, and thereafter, it was soaked in a 
l^^-trichloro-l^^-trifluoro ethane solution containing 5% by weight of bis-(2- 
perfluoroheptyl) ethyl)-butyl-amino silane. After soaking, it was taken out into a 70% 
relative humidity and 60°C temperature atmosphere and left for 5 minutes. Thereafter, it 
was washed with tetrahydrofurane. Its external appearance practically did not change after 
washing. 
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[Practical Example 51 

Sip2 was ion sprayed in argon plasma on the surface of a lens made of crown glass so 
as to become a thickness of 1 um. The lens so obtained was washed with pure water and 
thereafter dried sufficiently. Next, it was soaked for 2 minutes in a 20°C l,l,2-trichloro-l,2,2- 
trifluoro ethane solution containing 2-(perfluoro nonyl) ethyl-butyl-diamino silane. 
Thereafter, it was left in a 20% relative humidity and 50°C temperature atmosphere for 5 
minutes. Thereafter, it was washed with l,l,2-trichloro-l,2,2-trifluoro ethane. Large changes 
in the external appearance of the lens were not seen. 

[Comparative Example 11 

Prior to the treatment used for Practical Example 1, a lens possessing a reflection 
preventive membrane was soaked for 1 minute in a 98% dimethyl dichloro silane solution 
possessing a liquid temperature of 15°C. Thereafter, the lens was pulled up at a rate of 10 
cm/sec. into a 60% humidity and 25°C temperature atmosphere. Thereafter, it was washed 
with trichloro ethylene. 

rComparative Example 21 

Prior to the treatment used for Practical Example 1, a lens possessing a reflection 
preventive membrane was soaked for 3 minutes in a 10°C solution in which 50 g of 
dimethyl diethoxy silane, 450 g of isopropyl alcohol, and 20 g of 0.05 N hydrochloric acid 
were mixed. Thereafter, the lens was left in a 75% humidity and 50°C temperature 
atmosphere for 15 minutes, and was thereafter washed with acetone. 

fComparative Example 31 

A synthetic resin lens which possessed a reflection preventive membrane but prior to 
the treatment by the silane compound obtained by Practical Example 1 was made to be 
Comparative Example 1. (Translator's Note : this is probably a misprint and should be 3) 

The appraisal results of Practical Examples 1-5 and Comparative Examples 1-3 above 
are shown in Table 1. 

TABLE 1 





Practical 
Example 1 


Practical 
Example 2 


Practical 
Example 3 


Practical 
Example 4 


Practical 
Example.5 


Yellowing 


A 


A 


A 


A 


A 


Contact angle 


110° 


109° 


105° 


112° 


101° 


Warm water 
test 


A 


A 


A 


A 


A 
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Comparative 
Example 1 


Comparative 
Example 2 


Comparative 
Example 3 


A 


A 


C 


90° 


91° 


20° 


B 


B 


C 



[Effectiveness of the Invention] 

By providing the inorganic coat membranes with water repellence, its surface energy 
and its affinity with water and the impurities in water were lowered, thus preventing the 
yellowing phenomenon. Further, along with the decrease in surface energy, messes due to 
human sweat and organic materials such as fat or cooking oil can be wiped off easily with a 
tissue paper. Also, it became clear that the material used by this invention was sufficient in 
its reactivity at a low temperature and that it was good in terms of its retention of the surface 
property. 

This invention is a method which can be widely applied to products which use 
inorganic coat membranes such as glass eyeglasses, precision instrument optical lenses, 
display panels, watch cover glass, and window glass, and its usage can be expected to be 
further expanded. 



Applicant: Seiko Epson K.K. 

Representative: Tsutomu Mogami and one other 
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